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(57) ABSTRACT 

A telephone handset that includes both a speaker and a sec 
ondary ?ux coil is provided. The secondary ?ux coil provides 
improved inductive coupling betWeen the handset and a hear 
ing aid. Due to the Wiring con?guration of the handset, the 
speaker and the secondary ?ux coil can be independently 
?ltered, thus providing means for independently optimizing 
the performance of both the speaker and the secondary ?ux 
coil. Suitable ?lters include both passive circuits and digital 
signal processors. 

20 Claims, 4 Drawing Sheets 

103 r109 

k 
/ 

401 



US. Patent Jan. 12, 2010 Sheet 1 0f4 US 7,646,865 B2 

/109 
103 

101\ \ 
TELEPHONE ‘111 

BASE 
UNIT 

/ \ 
107 108 

105 

F|G_ 1 Prior 

101\ 
TELEPHONE 

BASE 
UNIT 

FIG. 2 

103 

101\ K 
TELEPHONE 

BASE 
UNIT 

T111 

105 

FIG. 3 



US. Patent Jan. 12, 2010 Sheet 2 0f4 US 7,646,865 B2 

101 
\ 

TELEPHONE 
BASE 
UNIT 

FIG. 4 

505 

503 1 0 5 

10000 1000 
Frequency (Hz) 

0 5 0 5 0 5 0 5 9.. a a a 4 4 5 5 

“E256 26E 26562 

FIG. 5 

VI m 

DWw N O OLC CF E S 

FIG. 6 



US. Patent Jan. 12, 2010 Sheet 3 0f4 US 7,646,865 B2 

101\ 
TELEPHONE 

BASE 
UNIT 

FIG. 7 

101\ 
TELEPHONE 

BASE 
UNIT 

105 

FIG. 8 

101\ 
TELEPHONE 

BASE 
UNIT 

T111 

105 

FIG. 9 108 



US. Patent Jan. 12, 2010 Sheet 4 0f4 US 7,646,865 B2 

108 

/109 

101 
\ 

TELEPHONE 
BASE 
UNIT 

FIG. 10 

T111 

/109 

ft 

1101 

1103 

101 
\ 

TELEPHONE 
BASE 
UNIT 

105 

FIG. 11 



US 7,646,865 B2 
1 

TELEPHONE HANDSET COUPLING SYSTEM 

FIELD OF THE INVENTION 

The present invention relates generally to telephone hand 
sets and, more particularly, to a handset for use With an 
inductively coupled hearing aid. 

BACKGROUND OF THE INVENTION 

In general, a person Who is hearing impaired and Who uses 
a conventional hearing aid can use a telephone handset in one 
of tWo modes. In one mode of operation, they use the tele 
phone handset in a conventional manner, allowing the acous 
tic sound Waves emitted by the handset’s speaker (also 
referred to as a receiver) to be picked up by the hearing aid’s 
microphone in the same Way that the hearing aid’s micro 
phone Would pick up the sound of an external source (e.g., 
another person in the same room). The hearing aid then con 
verts the acoustic sound Waves to an electrical signal that is 
processed prior to being converted back to sound Waves and 
broadcast to the user via the hearing aid’s speaker (also 
referred to as a receiver). In the second mode of operation, the 
hearing aid uses an electromagnetic induction coil to pick up 
an electromagnetic signal that corresponds to the acoustic 
sound Waves produced by the telephone handset. The induc 
tion coil, Which is typically integrated Within the hearing aid, 
generates an electrical signal that is then processed by the 
hearing aid and converted to acoustic sound Waves that are 
broadcast to the user. The hearing aid may include means for 
the user to select Which mode of operation they prefer, acous 
tic or electromagnetic. 

In recent years, a number of companies have undertaken 
efforts to improve upon the quality, performance andusability 
of telephone coupled hearing aids. In general, these efforts 
have been directed at four speci?c areas. First, various meth 
ods have been proposed to increase the strength of the elec 
tromagnetic signal produced by the handset. Many of these 
methods use a secondary ?ux coil, both as a means of increas 
ing the electromagnetic signal and as a means of providing 
additional mounting ?exibility. Second, a number of tech 
niques have been used to improve upon the sensitivity of the 
induction coil that is integrated into the hearing aid. Third, 
improvements in signal processing, for example the use of 
multi-band digital signal processors, continue to improve 
upon the overall quality of the sound produced by the hearing 
aid. Fourth, a number of user convenience features such as 
automated mode sWitching have provided hearing aid users 
With a more user-friendly device. 

Although a number of developments have been made that 
improve the sound quality and coupling ef?ciency of a hear 
ing aid When used With a telephone handset, many users still 
?nd the performance inadequate. As a result, many people 
With hearing disabilities are unable, or unWilling, to use a 
conventional telephone. Accordingly, What is needed in the 
art is a telephone that can provide a hearing disabled person 
With improved performance When electromagnetically 
coupled to their hearing aid. The present invention provides 
such a system. 

SUMMARY OF THE INVENTION 

The present invention provides a telephone handset that 
includes both a speaker and a secondary ?ux coil. The sec 
ondary ?ux coil provides improved inductive coupling 
betWeen the handset and a hearing aid. Due to the Wiring 
con?guration of the handset, the speaker and the secondary 
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2 
?ux coil can be independently ?ltered, thus providing means 
for independently optimiZing the performance of both the 
speaker and the secondary ?ux coil. Suitable ?lters include 
both passive circuits and digital signal processors. 

In one embodiment of the invention, a ?rst pair of signal 
lines is connected to the handset speaker and a second pair of 
signal lines is connected to the secondary ?ux coil. A ?lter is 
electrically connected to the speaker and can be used to alter 
the input signal to the speaker Without altering the input signal 
to the secondary ?ux coil. The ?lter can be connected in series 
or in parallel With the speaker. 

In another embodiment of the invention, a ?rst pair of 
signal lines is connected to the handset speaker and a second 
pair of signal lines is connected to the secondary ?ux coil. A 
?lter is electrically connected to the secondary ?ux coil and 
can be used to alter the input signal to the secondary ?ux coil 
Without altering the input signal to the speaker. The ?lter can 
be connected in series or in parallel With the secondary ?ux 
coil. 
A further understanding of the nature and advantages of the 

present invention may be realiZed by reference to the remain 
ing portions of the speci?cation and the draWings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 illustrates a prior art technique of serially connect 
ing a secondary ?ux coil to a speaker Within a telephone 
handset; 

FIG. 2 illustrates a prior art technique of connecting a 
secondary ?ux coil in parallel With a speaker Within a tele 
phone handset; 

FIG. 3 illustrates a prior art technique of ?ltering the inputs 
to both a speaker and a secondary ?ux coil Within a telephone 
handset; 

FIG. 4 illustrates a technique for ?ltering the input to the 
secondary ?ux coil of a handset Without altering the input to 
the speaker that is serially connected to the secondary ?ux 
coil; 

FIG. 5 graphically illustrates the bene?ts of one embodi 
ment of the invention; 

FIG. 6 illustrates a passive circuit that can be used With the 
invention; 

FIG. 7 illustrates a technique for ?ltering the input to the 
handset speaker Without altering the input to the secondary 
?ux coil that is serially connected to the speaker; 

FIG. 8 illustrates a technique for independently ?ltering the 
inputs to both a handset speaker and a secondary ?ux coil, 
Wherein the speaker is serially connected to the secondary 
?ux coil; 

FIG. 9 illustrates a technique for ?ltering the input to the 
handset speaker Without altering the input to the secondary 
?ux coil that is connected in parallel With the speaker; 

FIG. 10 illustrates a technique for ?ltering the input to the 
secondary ?ux coil Without altering the input to the handset 
speaker that is connected in parallel With the secondary ?ux 
coil; and 

FIG. 11 illustrates a technique for independently ?ltering 
the inputs to both a handset speaker and a secondary ?ux coil, 
Wherein the speaker is connected in parallel With the second 
ary ?ux coil. 

DESCRIPTION OF THE SPECIFIC 
EMBODIMENTS 

FIG. 1 illustrates a prior art technique for improving the 
performance of a conventional landline telephone With 
respect to the ability of the telephone’ s handset to couple to a 
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hearing aid. As shown, the telephone base unit 101 is coupled 
to the telephone handset 103 using a standard four-Wire cable 
105. A pair of signal lines 107/108 Within cable 105 connects 
base unit 101 to the speaker 109 Within the handset. Speaker 
109 is commonly comprised of a voice coil, a permanent 
magnet and a speaker cone. In some embodiments speaker 
109 is comprised of an armature driver. The voice coil Within 
speaker 109, in response to the time-varying component of 
the electric signals received via signal Wires 107/108, gener 
ates a time-varying magnetic ?eld Which, in turn, causes the 
movement of the speaker cone and the production of acoustic 
sound Waves. The same time-varying magnetic ?eld can also 
be used to couple directly to an inductive coil Within, or 
coupled to, a hearing aid, thereby alloWing the hearing aid 
user to receive input directly from the telephone. As a result of 
this direct coupling mechanism, the hearing aid user no 
longer must discriminate betWeen information received from 
the telephone handset and background noise, an additional 
step that is often dif?cult for a person With a hearing disabil 
ity. 

In order to improve the inductive coupling betWeen the 
handset and the hearing aid, a handset Will often include a 
secondary ?ux coil 111. Secondary ?ux coil 111 serves mul 
tiple purposes. First, it provides a convenient means of 
increasing the electromagnetic ?eld emitted by the handset, 
thus improving hearing aid coupling performance. Second, as 
opposed to the voice coil of speaker 109 Which must be 
mounted in a location that alloWs the speaker to be placed in 
close proximity to the user’s ear, secondary ?ux coil 111 can 
be positioned to improve hearing aid coupling e?iciency. For 
example, by locating coil 111 such that it Will be above 
speaker 109 during normal use, the secondary coil is posi 
tioned closer to a behind-the-ear hearing aid than is the 
speaker. Third, by providing means for electromagnetically 
coupling to a hearing aid, secondary ?ux coil 111 frees up the 
handset designer to use speakers Which Would otherWise be 
unacceptable, for example sub-miniature speakers that gen 
erate a very small electromagnetic ?eld. 

In a conventional handset, secondary ?ux coil 111 can be 
connected in series With speaker 109, as illustrated in FIG. 1. 
Altemately, and as shoWn in FIG. 2, secondary ?ux coil 111 
and speaker 109 can be connected in parallel. The advantage 
of the serial connection shoWn in FIG. 1 is that it reduces the 
impact of the additional coil on the phone line since it has 
minimal impact on the impedance of the receiver. 

It Will be appreciated by those of skill in the art that there 
are innumerable speakers that can be used in handset 103, and 
that the sound quality of these speakers vary Widely. Although 
to a degree, sound quality can be adjusted by the speaker 
enclosure and the means used to mount the speaker to the 
handset, typically sound quality optimization requires ?lter 
ing or otherWise shaping the input signal to the speaker. Input 
signal shaping can be accomplished With any of a variety of 
different ?lters and/ or digital signal processors (DSP), the 
?lter being housed either in the handset (e. g., ?lter 3 01 in FIG. 
3) or in the base unit (not shoWn). Unfortunately, ?ltering the 
input signal to the speaker can have an adverse effect on the 
performance of the secondary ?ux coil since according to the 
prior art both speaker 109 and secondary coil 111 utiliZe the 
same input signal. 
As an example of the potentially adverse effects of ?lter 

ing, take for an example a typical loW acoustical impedance 
speaker (useful to minimize loW frequency sound loss due to 
physical leaks Where the ear pinna and handset abut) that 
exhibits a frequency response peak near 1500 HZ. If left 
untreated, the sound quality of such a speaker Will be poor, 
sounding someWhat ‘tinny’. Using simple ?ltering tech 
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4 
niques, this speaker’s response curve can be improved, ?at 
tening the undesired peak near 1500 HZ. Unfortunately, this 
same ?lter Will cause a dip at this same frequency in the input 
signal to the secondary ?ux coil, resulting in a reduction in the 
output of the secondary ?ux coil and thus an unWanted reduc 
tion in the signal inductively coupled to the hearing aid Within 
a portion of the frequency spectrum. It is noted that various 
industry and governmental standards and regulations specify 
a frequency mask or template to Which the frequency spec 
trum of the time-varying magnetic ?eld must be measured. 

In accordance With the invention, in order to overcome this 
problem and alloW optimiZation of both the output of speaker 
109 and secondary ?ux coil 111, the input signals to speaker 
109 and secondary ?ux coil 111 are independent. As a result 
of this con?guration, one or both input signals can be inde 
pendently shaped. 

It Will be appreciated that there are a number of possible 
embodiments of the present invention. FIG. 4 illustrates a 
preferred embodiment that only requires minimal changes 
Within the handset and alloWs base unit 101 to remain 
unchanged. As shoWn, speaker 109 and secondary coil 111 
are serially connected to the signal input lines 107/ 108. HoW 
ever, as opposed to shaping the input to both speaker 109 and 
coil 111, only the input signal to one of them is altered. In this 
illustration, the input to secondary ?ux coil 111 is altered by 
attaching a simple passive circuit 401 across the terminals of 
coil 111. 

To illustrate the bene?ts of the invention, a simple example 
Will be provided. Assuming that speaker 109 has an acoustical 
frequency response peak around 1500 HZ as previously 
described, and assuming that coil 111 has an advantageous 
relatively ?at electromagnetic response as is common (curve 
501 in FIG. 5), as previously noted a conventional system 
?lter 301 Would cause an undesired depression (not shoWn) in 
the electromagnetic output of coil 111. HoWever, a simple 
passive circuit 401, further illustrated in FIG. 6, canbe used to 
compensate for this depression, resulting in a dramatic 
improvement in the output of coil 111 (curve 503). In this 
exemplary embodiment, component 601 has a value of 2.2 
mH, component 603 has a value of 4.5 ohms, and component 
605 has a value of 14.7 HP. Of course, these values have been 
‘tuned’ to the particular inductance (l mH) and resistance (30 
ohms) of secondary ?ux coil 111, but as mentioned earlier, 
many different variations on speaker selection are possible. 
Note that curve 505 of FIG. 5 represents the effects of circuit 
401 on the output of coil 111 assuming ?lter 301 is not present 
in the system. 

It Will be appreciated that the embodiment shoWn in FIG. 4, 
and described relative to FIGS. 5 and 6, is only one embodi 
ment of the invention and the inventors clearly envision other 
embodiments. More speci?cally, there are numerous Ways in 
Which a ?lter can be coupled to the system of the invention, 
thereby affecting only the input signal to speaker 109 While 
having no effect on the input signal to secondary ?ux coil 111. 
Conversely, there are numerous Ways in Which a ?lter can be 
coupled to the system of the invention, thereby affecting only 
the input signal to secondary ?ux coil 111 While having no 
effect on the input signal to speaker 109. For example, instead 
of placing a circuit across the terminals of secondary ?ux coil 
111, a circuit 701 can be placed across the terminals of 
speaker 109 as shoWn in FIG. 7. Altemately, a circuit 801 can 
be placed across the terminals of speaker 109 and a circuit 803 
can be placed across the terminals of secondary ?ux coil 111 
as shoWn in FIG. 8. Additionally, instead of connecting 
speaker 109 and secondary ?ux coil 111 together serially and 
then ?ltering one, or both, of the signal inputs, speaker 109 
and secondary ?ux coil 111 can be connected in parallel. This 
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is a particularly useful arrangement for digitally processing 
one, or both, input signals as illustrated in FIGS. 9-11. As 
shown in FIG. 9, a ?lter 901 (e.g., a DSP) is coupled into the 
input lines of speaker 109. Altemately, a ?lter 1001 (e.g., a 
DSP) canbe coupled into the input lines of secondary ?ux coil 
111 as shoWn in FIG. 10. Altemately, a ?lter 1101 (e.g., a 
DSP) can be coupled into the input lines of speaker 109 and a 
secondary ?lter 1103 (e.g., a DSP) can be coupled into the 
input lines of secondary ?ux coil 111 as shoWn in FIG. 11. It 
should be appreciated that the ?lters utiliZed in any of the 
embodiments shoWn in FIGS. 4 and 7-11 can also be housed 
Within telephone base unit 101 although this Would typically 
require replacement of cable 105 With either a ?ve-Wire or a 
six-Wire cable due to the extra speaker/coil connections. It 
should also be appreciated that Without departing from the 
invention, telephone base unit 101 and handset 103 can be 
combined into a single unit, for example as a means of 
improving the telephone’s portability. 
As Will be understood by those familiar With the art, the 

present invention may be embodied in other speci?c forms 
Without departing from the spirit or essential characteristics 
thereof. Accordingly, the disclosures and descriptions herein 
are intended to be illustrative, but not limiting, of the scope of 
the invention Which is set forth in the folloWing claims. 
What is claimed is: 
1. A telephone comprising: 
a telephone base unit; 
a handset coupled to said telephone base unit, said handset 

comprising a speaker and a secondary ?ux coil; 
a ?rst pair of signal lines electrically connected to said 

speaker, Wherein said ?rst pair of signal lines commu 
nicates a ?rst input signal to said speaker; 

a second pair of signal lines electrically connected to said 
secondary ?ux coil, Wherein said second pair of signal 
lines communicates a second input signal to said sec 
ondary ?ux coil; and 

a ?lter electrically connected to said ?rst pair of signal lines 
and to said speaker, Wherein said ?rst input signal is 
different from said second input signal. 

2. The telephone of claim 1, Wherein said ?lter alters said 
?rst input signal and does not alter said second input signal. 

3. The telephone of claim 1, Wherein said ?lter is connected 
in parallel With said speaker. 

4. The telephone of claim 1, Wherein said ?lter is connected 
in series With said speaker, Wherein said ?lter is electrically 
interposed betWeen said speaker and said ?rst pair of signal 
lines. 

5. The telephone of claim 1, Wherein said ?lter is com 
prised of a passive circuit. 
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6. The telephone of claim 1, Wherein said ?lter is com 

prised of a digital signal processor. 
7. The telephone of claim 1, further comprising a second 

?lter electrically connected to said second pair of signal lines 
and to said secondary ?ux coil. 

8. The telephone of claim 1, Wherein said speaker is serially 
coupled to said secondary ?ux coil. 

9. The telephone of claim 1, Wherein said speaker is 
coupled in parallel With said secondary ?ux coil. 

10. The telephone of claim 1, Wherein said telephone base 
unit and said handset are combined into a single unit. 

11. A telephone comprising: 
a telephone base unit; 
a handset coupled to said telephone base unit, said handset 

comprising a speaker and a secondary ?ux coil; 
a ?rst pair of signal lines electrically connected to said 

speaker, Wherein said ?rst pair of signal lines commu 
nicates a ?rst input signal to said speaker; 

a second pair of signal lines electrically connected to said 
secondary ?ux coil, Wherein said second pair of signal 
lines communicates a second input signal to said sec 
ondary ?ux coil; and 

a ?lter electrically connected to said second pair of signal 
lines and to said secondary ?ux coil, Wherein said ?rst 
input signal is different from said second input signal. 

12. The telephone of claim 11, Wherein said ?lter alters said 
second input signal and does not alter said ?rst input signal. 

13. The telephone of claim 11, Wherein said ?lter is con 
nected in parallel With said secondary ?ux coil. 

14. The telephone of claim 11, Wherein said ?lter is con 
nected in series With said secondary ?ux coil, Wherein said 
?lter is electrically interposed betWeen said secondary ?ux 
coil and said second pair of signal lines. 

15. The telephone of claim 11, Wherein said ?lter is com 
prised of a passive circuit. 

16. The telephone of claim 11, Wherein said ?lter is com 
prised of a digital signal processor. 

17. The telephone of claim 11, further comprising a second 
?lter electrically connected to said ?rst pair of signal lines and 
to said speaker. 

18. The telephone of claim 11, Wherein said secondary ?ux 
coil is serially coupled to said speaker. 

19. The telephone of claim 11, Wherein said secondary ?ux 
coil is coupled in parallel With said speaker. 

20. The telephone of claim 11, Wherein said telephone base 
unit and said handset are combined into a single unit. 

* * * * * 


